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FOREWORD 


Uneven  forces  in  the  several  suspension  lines  of  Cross 
parachutes  cause  design  problems  due  to  lack  of  engineering  force 
distribution  data.  A  series  of  Cross  parachutes  was  wind-tunnel 
tested  and  the  forces  in  individual  suspension  lines  measured  for 
several  lengths  of  individual  lines  to  determine  the  load 
variations. 

The  pressure  distribution  adjacent  to  the  canopy  center  line 
was  also  measured  ahead  of  and  within  the  parachute  canopy. 


Approved  by: 


C.  A.  KALIVRETENOS,  Deputy  Head 
Underwater  Systems  Department 
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ABSTRACT 


The  force  distribution  in  the  several  suspension  lines 
attached  to  an  arm  of  a  Cross-type  parachute  is  nonuniform.  The 
outer  suspension  lines  carry  the  minimum  force.  The  forces 
increase  in  each  suspension  line  as  the  line  attachment  approaches 
the  center  of  the  arm  with  the  maximum  force  carried  by  the  most 
central  lines. 

This  report  describes  a  series  of  wind  tunnel  tests  to 
measure  the  forces  in  individual  selected  suspension  lines  of 
Cross  type  parachutes  with  8,  16,  and  24  suspension  lines.  The 
test  results  show  that  lengthening  the  inner  suspension  lines 
tends  to  equalize  the  suspension  line  forces.  The  static  pressure 
distribution  adjacent  to  the  parachute  center  line  was  measured 
for  each  parachute  model.  Positive  pressures  were  found  to  exist 
ahead  of  the  canopy  skirt  hem  as  well  as  inside  of  the  canopy. 

The  magnitude  of  the  pressures  is  influenced  by  the  canopy  cloth 
permeability. 
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INTRODUCTION 


The  Cross  parachute  has  been  demonstrated  to  be  a  rellabla 
retarder  for  ordnance  and  other  applications.  Characteristic:;  of 
the  Cross  parachute  are  low  opening  shock  factor,  good  parachute 
stability,  good  two-body  stability,  supersonic  inflation 
capability  up  to  Mach  2.5,  and  a  reduced  manufacturing  cost.  An 
engineering  problem  with  the  Cross  parachute  is  the  occasional 
failure  of  one  or  more  suspension  lines  when  conventional  analysis 
indicates  that  they  were  structurally  adequate.  The  cause  of  the 
failure  is  due  to  the  unique  inflated  shape  of  the  Cross  canopy. 
Conventional  parachutes  are  symmetrically  constructed  and  the 
forces  in  the  several  suspension  lines  are  usually  assumed  to  be 
uniform.  This  is  a  reasonable  assumption  because  all  of  the 
suspension  lines  are  of  the  same  design  length  and  elongate 
equally.  The  arms  of  a  Cross  parachute  each  have  a  set  of 
suspension  lines  which  are  usually  of  the  same  design  length. 
Figure  1  shows  that  the  several  suspension  lines  attached  to  an 
arm  of  the  canopy  elongate  in  a  uniform,  but  unequal  pattern. 

Figure  2  is  a  typical  load  elongation  test  result  of  tubular 
braided  nylon  cord  of  the  type  used  by  the  Naval  Surface  Warfare 
Center  in  parachute  designs.  The  samples  witness  to  the 
repeatability  of  the  cord's  performance.  The  obvious  conclusion 
to  be  drawn  from  Figures  1  and  2  is  that  the  tensile  force  in  the 
Cross  parachute's  suspension  llnas  varies,  and  this  forced 
variation  manifests  Itself  by  the  different  elongations  of  the 
lines.  The  equal  elongation  of  the  ring-slot  parachute  suspension 
lines  indicates  uniform  suspension  line  loading.  The  suspension 
line  forces  can  be  modified  to  a  uniform  distribution  by 
selectively  lengthening  the  inner  suspension  lines.  If  the 
suspension  lines  were  lengthened  so  that  they  hang  loosely  they 
would  not  transmit  any  force. 

Several  approaches  are  available  as  solutions  to  the  broken 
suspension  line  problem.  Each  approach  has  some  advantage  and 
disadvantage. 

- APPROACH - ADVANTAGE - 

1.  All  suspension  lines  No  production  line 
same  length.  Design  mlsassembly 
strength  related  to  problems, 
maximum  suspension 
line  force. 


—DISADVANTAGE - 

Some  increase  in 
suspension  line 
cost  and  required 
packing  volume. 
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UNMAT  200  EQUALLY  ELONGATED  SUSPENSION 
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2.  All  suspension  lines 
same  length.  Design 
strengths  tailored 
to  various  maximum 
suspension  line 
forces 


Less  weight  and 
packing  volume 
than  approach 


No.  1 


Possible  production 
line  problems  with 
suspension  line 
misassembly 


APPROACH - ADVANTAGE - DI S  ADVANTAGE - 


3.  Suspension  line 
lengths  varied. 
Design  strength  of 
all  lines  constant 


Less  weight  and 
packing  volume 
than  approach 
No.  1 


Possible  production 
line  problems  with 
suspension  line 
misassembly 


4.  All  suspension  Best  possibility 

lines  are  the  same  for  a  minimum 
length  and  strength.  weight  system. 
Respace  reinforcement 
tapes  on  the  canopy 
to  vary  pressurized 
canopy  area  to 
produce  uniform 
suspension  line 
forces. 


Less  likely 
production  line 
problems. 


From  +-he  standpoint  of  potential  production  problems, 
approach  number  one  is  best.  Any  suspension  line  may  be  correctly 
assembled  to  any  attachment  point  on  the  arm.  This  is  also  true 
of  approach  number  four.  The  possibility  of  misassembly  of  the 
canopy  reinforcements  to  the  canopy  in  approach  number  four  can  be 
controlled  in  the  layout  and  marking  of  the  canopy  cloth.  Spot 
inspections  of  the  reinforcement  to  canopy  assembly  are  easily 
accomplished.  Misassemblles  should  be  obvious.  Approaches  two 
and  three  have  the  possibility  of  assembling  either  the  wrong 
length  or  wrong  strength  suspension  line  to  the  attachment  point. 
This  possibility  exists  for  each  line  attached  and  may  not  be 
obvious.  Approach  number  four  appears  to  be  the  best  candidate 
for  achieving  a  minimum  weight  system. 

The  first  step  in  the  analysis  of  the  problem  of  unequal 
loading  was  to  conduct  a  200-mile-per-hour  wind-tunnel  test  where 
the  tension  force  was  measured  in  individual  Cross  parachute 
suspension  lines.  A  series  of  parachutes  were  constructed  with 
suspension  line  lengths  predetermined  from  existing  data.  The 
models  were  attached  to  the  'force  measuring  instrumentation.  A 
stadia  rod  was  attached  to  the  wind-tunnel  mount  and  extended 
along  the  wind-tunnel  center  line  into  the  inflated  canopy.  The 
stadia  rod  was  marked  to  provide  a  reference  for  measurements  and 
was  also  rigged  to  measure  static  pressures  at  various  points 
within  the  canopy  and  immediately  ahead  of  the  skirt  hem. 
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A  second  objective  of  the  wind  tunnel  tests  Is  to  examine  the 
static  pressure  distribution  along  the  canopy  center  line  within 
the  canopy  and  In  the  zone  Immediately  ahead  of  the  skirt  hem. 
Figure  23  of  Appendix  A  of  Reference  1  presents  photographs  of 
airflow  patterns  around  parachute  profiles.  The  volume  of  air 
associated  with  an  Inflated  parachute  Is  shown  to  extend  ahead  of 
the  canopy  skirt  hem.  This  volume  of  air  must  also  be  collected 
during  the  Inflation  time  Interval  In  order  to  have  a  fully 
Inflated  parachute.  As  a  demonstration  that  this  air  mass 
actually  exists  a  stadia  rod  with  ten  pressure  taps  was  mounted 
along  the  parachute  center  line  to  measure  the  static  local 
pressure  distribution  ahead  of  and  Inside  of  the  canopy.  Elevated 
static  pressures  are  Indicative  of  air  masses  with  less  than  free 
stream  velocity. 
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APPROACH 


The  best  way  to  Investigate  the  Cross  parachute  suspension 
line  variable  force  problem  is  to  conduct  a  wind-tunnel  test 
wherein  the  forces  in  designated  suspension  lines  can  be  measured 
simultaneously  under  controlled  test  conditions.  Seven, 
40-inch-diameter  model  parachutes  were  designed  and  manufactured. 
The  seven  models  built  with  the  materials  of  Table  1,  consisted  of 
one  parachute  with  two  suspension  lines  per  arm,  three  parachutes 
with  four  suspension  lines  per  arm,  and  three  parachutes  with  six 
suspension  lines  per  arm.  The  models  were  built  as  per  Figures  3 
and  4  with  uniform  suspension  line  spacing  on  the  canopy  as  a 
baseline  force  distribution  which  is  representative  of  our  current 
design  technique.  Each  of  the  parachutes  had  different  suspension 
line  length  distributions  which  were  derived  from  existing  data. 
Three  41.7  percent  scale  models  of  the  parachute  MK  38  MOD  0  were 
also  constructed  as  per  Figure  5.  These  parachutes,  numbered  8, 

9,  and  10,  were  tested  to  determine  the  effects  of  the  rate  of 
airflow  of  the  production  canopy  cloth  on  the  drag  coefficient  of 
the  parachute.  Parachute  materials  are  listed  in  Table  1.  The 
particular  suspension  line  lengths  for  every  model  parachute  test 
are  listed  in  the  tost  data  summary  of  Table  2i. 

i 

The  200  mph  test  was  conducted  at  the  University  of  Maryland 
Subsonic  Wind  Tunnel  at  College  Park,  Maryland.  Win;*  tunnel 
engineering  personnel  designed  and  constructed  the  24  attachment 
point  suspension  line  force  measuring  device  of  Figure  6.  Twelve 
of  the  sensing  elements  were  Instrumented  to  measure  force  data. 
The  Instrumented  active  load  cell  channels  were  located  as 
Indicated  in  Figure  7.  Each  parachute  was  attached  to  the  load 
cell  with  two  complete  sets  of  adjacent  lines  connected  to  active 
channels.  The  active  channels  were  continuously  recorded  by 
instrumentation  which  determined  the  average  value  of  the  tensile 
force  and  the  one  sigma  variation. 

The  stadia  rod  of  Figure  8  was  attached  to  the  aft  end  of  the 
force  sensing  gauge.  The  stadia  rod  was  marked  with  contrasting 
stripes  to  permit  measurements  of  the  Inflated  models,  and  also 
fitted  with  ten  static  pressure  sensing  taps  to  measure  the  static 
pressures  within  the  Inflated  canopy  and  the  zone  directly  ahead 
of  the  canopy  skirt  hem.  Orthogonal  photographs  of  the  several 
parachutes  under  test  were  obtained  by  still  cameras  positioned  as 
shown  in  Figure  9. 
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FIGURE  3.  PARACHUTE  CONFIGURATIONS  FOR  MODELS  NO.  1  THROUGH  7 
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SKIRT  HEM  -  SUSPENSION  LINE  ASS'Y 


FIGURE  4.  MODEL  PARACHUTE  CONSTRUCTION  DETAILS  FOR  MODEL  PARACHUTES 
NUMBERED  1  THROUGH  7 
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CONSTRUCTION  DETAILS  FOR  MODEL  PARACHUTES  NUMBERED  8. 9,  AND  10 
RGURE  5. 41.7  PERCENT  SCALE  MODEL  OF  THE  PARACHUTE  MK  38  MOD  0 
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TABLE  2.  SUMMARY  OF  SUSPENSION  UNE  LENGTHS  AND  MEASURED  WIND  TUNNEL  SUSPENSION  UNE  FORCE  DATA 


NSWCTR  89-306 


S-iS 

lA 

tA 

m 

09 

N 

A) 

P 

5  z  5 

<*> 

fH 

lA 

0t 

M 

2 

P 

p 

U) 

lA 

<0 

tA 

to 

to 

to 

P 

P 

2 

O  rj  < 

O  I”  S 

N 

A* 

<0 

n 

0) 

o 

09 

2 

P 

P  S 

U) 

<A 

cn 

n 

to 

A* 

U) 

P 

P 

P 

C  ^ 

lA 

<0 

(0 

to 

to 

to 

to 

P 

P 

2 

(A 

5 

OQ 

U) 

o 

tA 

01 

1^ 

P 

P 

P  ^ 

r«. 

f* 

A) 

A) 

IN 

P 

P 

AJ 

w 

q 

n 

q 

q 

q 

q 

P 

P 

N 

O 

09 

Al 

f9 

N 

q 

q 

q 

A 

1“ 

Q 

N 

09 

Al 

2 

p 

A 

2 

<0 

n 

N 

Al 

IN 

p 

P 

P 

O 

q 

q 

q 

q 

q 

q 

q 

q 

q 

h* 

A) 

to 

09 

p 

•• 

p 

O 

<n 

n 

A) 

Al 

IN 

2 

2 

p 

q 

q 

q 

q 

q 

q 

q 

q 

q 

s 

«o 

m 

Al 

A* 

p 

p 

2 

5  o> 

Cl 

A) 

Al 

IN 

2 

2 

p 

o 

o 

o 

O 

o 

o 

O 

O 

o 

Lk 

* 

AJ 

q 

N 

to 

01 

to 

P 

p 

H  m 

h» 

<n 

N 

Al 

Al 

P 

P 

p 

o 

o 

O 

O 

O 

o 

O 

O 

o 

O 

< 

H 

Al 

to 

Al 

N 

Al 

o  ^ 

q 

q 

q 

•J 

Ui 

Al 

09 

Z  (0 

M 

M 

Al 

2 

O 

o 

o 

< 

X 

tA 

p 

AJ 

01 

09 

IN 

p 

2 

, 

n 

N 

Al 

Al 

P 

p 

P 

d 

w 

li 

q 

P 

q 

q 

r* 

q 

q 

09 

q 

p 

q 

A* 

q 

p 

q 

p 

o 

o 

O 

o 

s 

A) 

A) 

Al 

n 

2 

2 

p 

O  ^ 

o 

o 

O 

O 

o 

O 

o 

O 

o 

< 

< 

• 

* 

* 

s 

o 

2 

Q 

P^ 

A) 

to 

o 

ti 

P 

•• 

< 

s 

W 

<n 

A) 

Al 

IN 

2 

2 

p 

fc 

o 

O 

o 

O 

o 

O 

O 

O 

o 

p 

(9 

Sc 

09 

o 

tA 

09 

to 

to 

2 

o 

o 

p 

z 

<0 

r) 

n 

A) 

N 

IN 

N 

p 

p 

•- 

o 

O 

q 

q 

q 

q 

A) 

Al 

q 

2 

Al 

q 

Al 

q 

q 

q 

+ 

>5 

P 

+ 

> 

>; 

q 

q 

q 

a 

s 

P 

a 

z 

p 

2 

2 

p 

p 

n 

Al 

n 

p 

/i 

<A 

< 

< 

X 

IN 

p 

. 

. 

H 

O 

o 

c 

O 

2 

to 

tri 

3 

z 

P 

n 

Al 

Al 

s 

s 

Al 

Al 

3 

ii 

Uj  M 

2 

to 

tri 

q 

ui 

o 

o 

o 

K 

3 

s 

K 

3 

2  X 

n 

« 

AJ 

n 

Al 

Al 

2 

p 

p 

P 

p 

< 

-  O 

P» 

Al 

Al 

!S 

s 

Z  Z 

Al 

to 

to 

p 

p 

o  - 

2 

tA 

tA 

2 

ui 

ui 

Q. 

o 

o 

s 

s 

s 

CA 

n 

CA 

Al 

A) 

n 

n 

2 

p 

p 

p 

P 

o 

ij 

2 

P^ 

IN 

p 

u 

j 

3 

N 

to 

o 

o 

K 

K 

2 

tA 

tA 

2 

to 

ui 

9 

o 

o 

O 

o 

O 

3 

n 

n 

<n 

n 

A) 

Al 

p 

2 

p 

p 

p 

<A 

+ 

+ 

2 

2 

2 

2 

2 

2 

2 

p 

o 

o 

n 

n 

<n 

n 

n 

n 

p 

2 

p 

p 

3 

t 

.  <A 

K 

O  !ii 

09 

<D 

to 

to 

2 

2 

2 

P 

p 

p 

P 

P 

1 

O 

»• 

Al 

IN 

P 

•• 

1 

1 

Z 

z 

z 

UJ  . 

3 

3 

3 

F  o 

a 

K 

K 

p 

P 

P 

is 

Al 

*1*) 

to 

to 

P^ 

P 

p 

o 

s 

< 

K 

< 

a 

< 

S_P 

P 

P 

- 

K  o 

Ss 

io 

iO 

to 

p^ 

09 

01 

O 

p 

p 

2 

P 

p 

ez 

lA 

N 

lA 

tA 

II 

ri 


(A 

z 

D 

oe 


(A 

N 


(S 

o 

I  • 

Q.  uj 
1  = 
I  K 

I  a 

UJ  > 

>  o 

M  W 


-t 

=  s 

¥  II 

e 

w 

MS! 
i  < 

1  u 

zg 

oS 

Z  IL 

lu  UJ 

^  fiC 
O  UJ 

O  t 

2  o 


T' 


12 


24  FORCE  SENSING 
ELEMENTS 


NSWCTR  89-306 


FIGURE  6.  SUSPENSION  LINE  FORCE  SENSING  GAUGE  INSTALLED  IN  THE  WIND  TUNNEL 
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ACTIVE  LOAD  CELL  CHANNELS 
LOOKING  UPSTREAM 


RUN  NO. 

LINES  PER 
ARM 

PARACHUTE  CONNECTED 

TO  ACTIVE  CHANNELS  NO. 

4 

2 

2,5,8,11 

5,6,7 

4 

2, 3,4,5,8,9,10,11 

8,9,10 

6 

1,2,3,4,5,6,7,8,9,10,11,12 

11,12,13 

4 

2,3,4,5,8,9,10,11 

FIGURE  7.  LOCATIONS  OF  ACTIVE  LOAD  CELL  CHANNELS 


LENGTH  USED 


HGURE  8.  STADIA  ROD  AND  PRESSURE  SENSOR  LAYOUT 


SUSPENSION  UNE  STADIA  ROD  WITH  STATIC 

FORCE  GAUGE  PRESSURE  SENSORS 
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TEST  METHOD 


The  suspension  line  force  and  static  pressure  Instrumentation 
were  mounted  on  the  support  and  aligned  with  the  center  line  of 
the  wind  tunnel .  A  20-mph  run  was  conducted  without  a  parachute 
Installed  to  obtain  the  system  aerodynamic  tare  and  a  reference 
static  pressure  distribution  along  the  stadia  rod.  A  parachute 
was  then  Installed  on  the  force  sensor  with  the  parachute 
suspension  lines  connected  to  active  channels  as  listed  In 
Figure  7.  The  wind  tunnel  was  accelerated  to  200-mph  and  the 
suspension  line  forces  were  recorded.  The  steady  state  drag  force 
of  the  parachute  was  also  recorded  by  the  wind  tunnel  balance 
system.  The  static  pressure  distribution  together  with  front  and 
side  view  still  photographs  of  the  test  configuration  completed 
the  data.  This  procedure  was  followed  for  each  parachute.  Some 
parachutes  had  the  Inner  line  lengths  modified  and  the  test  was 
repeated  to  measure  changes  in  the  suspension  lino  force 
distribution. 
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RESULTS 


SUSPENSION  LINE  FORCES 

Test  results  confirm  that  selectively  lengthening  the  Cross 
parachute  inner  suspension  lines  redistributes  the  forces  and 
improves  the  uniformity  of  the  force  distribution.  The  test  data 
and  calculations  are  summarized  in  Table  2.  Note  that  the 
suspension  lines  are  attached  and  distributed  around  the 
circumfez ance  of  a  3-1/4-inch-diameter  circle.  The  length  of  the 
suspension  lines  in  this  study  is  taken  to  be  the  actual  length  of 
the  cord  and  not  the  projected  effective  length  of  all  the 
suspension  lines  to  a  single  confluence  point. 

With  reference  to  the  list  of  suspension  line  force 
coefficients  in  Table  2  the  following  conclusions  may  be  drawn. 

1.  The  force  distribution  in  the  eight  suspension  line 
parachute  of  run  number  4  is  uniform. 

2.  The  addition  of  four  more  evenly  spaced  suspension  lines 
(16  lines  total)  of  equal  length  as  in  run  number  5  generally 
reduces  the  force  distribution  in  the  outer  lines  by  50  percent. 
However,  the  force  distribution  is  not  uniform.  The  inner  pair  of 
suspension  lines  are  bearing  tensile  forces  which  exceed  the  outer 
suspension  line  forces  by  1.47. 

3.  As  the  Inner  suspension  lines  are  lengthened,  as  In  runs 
number  6  and  7,  the  suspension  line  loads  in  the  several  lines  are 
redistributed  with  an  incrcaca  in  the  outer  line  forces  and  a 
decrease  in  the  Inner  line  forces  which  results  in  a  more  uniform 
force  distribution  among  the  lines. 

As  the  inner  lines  were  extended  the  ratio  of  suspension  line 
tension  to  outer  suspension  line  tension  decreases  linearly  as 
shown  in  Figure  10. 

4.  The  24  suspension  line  parachutes  of  runs  number  8,  9, 
and  10  show  the  same  force  distribution  trends  as  the  16  line 
parachute.  The  linearity  is  not  as  easily  seen  with  the 
additional  two  suspension  lines  per  arm.  It  is  obvious  that  as 
the  number  of  suspension  lines  increase  the  evaluation  of  the  most 
efficient  suspension  line  length  distribution  becomes  increasingly 
difficult. 
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5.  The  equal  suspension  line  length  MK  38  MOD  0  parachute 
has  similar  load  distributions  as  run  4.  Lengthening  the 
suspension  lines,  run  12,  did  not  improve  the  drag  coefficient  due 
to  the  hem  tape  limiting  the  canopy  diameter.  The  partial 
collapse  of  the  4  momme  silk  cloth  parachute  of  run  13  is 
reflected  in  the  reduced  suspension  line  force  readings.  The  load 
distribution  shows  the  same  trends  even  when  only  partially 
inflated. 

The  load  cell  channel  suspension  lino  force  coefficients  have 
been  added  up  for  each  run,  multiplied  by  2,  and  compared  to  the 
wind  tunnel  balance  reading.  The  sum  of  the  suspension  line  force 
coefficients  generally  exceeds  the  balance  reading  because  the 
load  cells  measure  the  tensile  force  in  the  suspension  lines  and 
the  balance  measured  the  parachute  axial  aerodynamic  force. 

For  each  run  the  ratio  of  suspension  line  length  to  len(;th  of 
the  outer  suspension  line  was  calculated.  The  suspension  li.ie 
force  coefficients  for  each  set  of  lines  were  averaged  to  mi nimize 
test  variations  and  ratioed  to  the  line  force  coefficients  of  the 
outer  lines.  These  data  are  plotted  in  Figures  10  and  11.  The 
suspension  line  length  variation  of  Figure  10  is  a  linear 
variation  of  force  ratio  since  all  of  the  inner  lines  were 
modified  by  the  same  amount.  Equation  (1)  was  fitted  to  the  data 
and  shows  that  the  force  distribution  in  all  lines  should  be 
uniform  when  the  inner  line  lengths  are  1.0376  times  the  outer 
line  length. 

As  the  number  of  suspension  lines  in  the  parachute  increase 
the  effects  of  varying  the  lengths  of  the  inner  lines  complicates 
the  data  analysis.  The  interaction  of  the  inner  sets  of  lines 
causes  a  scatter  in  the  data.  For  each  set  of  lines  the  data  has 
been  averaged  for  runs  9  and  10  and  plotted  on  Figure  11.  A 
uniform  suspension  line  load  distribution  in  a  24  suspension  line 
requires  that  the  first  inner  set  of  lines  be  1.020  times  the 
length  of  the  outer  suspension  line  and  that  the  lengths  of  the 
central  set  of  lines  be  1.0386  times  the  length  of  the  cuter 
suspension  line. 


CANOPY  INTERNAL  STATIC  PRESSURE  DISTRIBUTION 

Most  inflation  time  calculation  approaches  assume  that  the 
volume  of  air  that  is  to  be  collected  lies  Inside  of  the  Inflated 
canopy  between  the  skirt  hem  and  the  vent.  There  is  evidence  in 
Appendix  A  of  Reference  1  that  the  total  volume  of  air  associated 
with  a  fully  Inflated  canopy  extends  ahead  of  the  canopy  skirt 
hem.  This  additional  volume  of  air  was  derived  in  References  2 
and  3  which  presented  a  method  for  estimating  the  total  volume  of 
air,  Yo  ,  to  be  collected.  Utilization  of  the  Vo  air  volume  in 
subsequent  inflation  reference  time,  t  ,  calculations  shows 
excellent  agreement  with  inflation  times  calculated  using  accepted 
empirical  methods. 
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FIGURE  11.  VARIATION  OF  SUSPENSION  LINE  FORCE  COEFFICIENT  FOR  THE  VARIED 
SUSPENSION  LINE  LENGTHS  OF  THE  24  SUSPENSION  LINE  PARACHUTE 
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As  the  flow  enters  the  mouth  of  an  unlnflated  parachute  the 
velocity  head  of  the  flow  Is  reduced  and  transformed  Into  a 
pressure  head.  If  the  flow  were  at  a  complete  stagnation  the 
canopy  internal  pressure  coefficient, AP/q,  would  be  a  maximum. 

As  the  rate  of  canopy  outflow  increases  the  Internal  pressure  is 
reduced.  Eventually,  the  internal  pressure  is  too  weak  to  support 
full  inflation  and  inflation  instability  develops. 

Figures  12  through  21  are  profile  views  of  the  test 
parachutes  with  the  pressure  coefficient  distributions 
superimposed  at  the  particular  pressure  tap  locations  along  the 
the  stadia  rod.  In  each  of  the  tests  elevated  static  pressure, 
ahead  of  the  parachute  skirt  hem,  was  detected  as  well  as  within 
the  canopy.  These  partial  stagnation  pressures  increase  in 
intensity  as  the  flow  approaches  the  parachute  skirt  hem  and  reach 
a  maximum  value  inside  of  the  canopy.  The  elevated  pressure 
profile  ahead  of  the  canopy  skirt  hem  is  indicative  of  an 
additional  mass  of  air  associated  with  the  inflated  canopy. 

Figures  22  through  25  present  the  effects  of  the  number  of 
parachute  suspension  lines  and  canopy  cloth  rate  of  airflow  on  the 
measured  pressure  distributions.  Due  to  the  various  parachute 
suspension  line  lengths  in  the  tests,  pressure  distributions 
cannot  be  compared  by  orienting  the  pressure  taps.  For  each  test 
the  plane  containing  the  locations  of  the  joint  of  the  canopy 
skirt  hem  and  the  outer  most  suspension  lines  on  each  arm  was 
established.  The  pressure  distributions  were  shifted  to  align  the 
canopy  hem  planes  which  compares  the  canopy  pressure  distributions 
relative  to  the  hem  of  the  canopies. 

The  pressure  profiles  of  Figure  22  indicate  a  rise  in 
pressure  distribution  with  an  Increase  in  the  number  of  suspension 
lines  in  the  assembly.  The  dominant  change  occurs  between  the 
eight  and  16  suspension  line  configurations  with  a  smaller 
pressure  Increase  between  16  and  24  lines.  The  pattern  of 
Increase  indicates  that  the  effects  of  Increasing  the  number  of 
suspension  lines  approaches  a  limiting  value.  This  is  similar  to 
the  known  effects  of  the  number  of  suspension  lines  on  the  Cross 
parachute  drag  coefficient.  Comparing  the  pressure  levels  of 
Figures  23  and  24  generally  shows  the  same  effects  as  Figure  22. 

Figures  23  and  24  show  the  pressure  distributions  for  16  and 
24  suspension  line  configurations  respectively  for  lines  of  equal 
length  and  two  different  distributions  of  inner  suspension  line 
lengths.  Lengthening  the  inner  suspension  lines  appears  to  cause 
a  small  reduction  in  the  pressure  distribution. 
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FIGURE  16.  MEASURED  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD.  WIND 
tunnel  run  no.  8.  PARACHUTE  MODEL  NO.  5  WITH  24  EQUAL  LENGTH 
SUSPENSION  LINES. 
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FIGURE  19,  MEASURED  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD.  WIND 

TUNNEL  RUN  NO.  11.  PARACHUTE  MODEL  NO.  8  WITH  16  EQUAL  LENGTH 
SUSPENSION  LINES 


RUN 


FIGURE  20.  MEASURED  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD  WIND 

TUNNEL  RUN  NO.  12,  PARACHUTE  MODEL  NO  9  WITH  16  EQUAL  LENGTH 
SUSPENSION  I  INFS 


PRESSURE  COEFFICIENT 
lAP/ql 
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RUN  PARACHUTE  NO* 
NO.  NO.  LINES 


CANOPY  CLOTH 


PERMEABILITY 

{CFM/FT2) 


0  4  1  8  MIL-C-7020,  TYPE  I  90 

X  5  2  16  MIL-C-7020.  TYPE  I  90 

0  8  5  24  MIL-C-7020,  TYPE  I  90 

O  15  STRUT  AND  FIXTURE  TARE  RUN  WITH  SHORT  STADIA  ROD 


DISTANCE  ALONG  STADIA  ROD  (INCHES) 


*  ALL  SUSPENSION  LINES  ARE  34  INCHES  LONG. 


FIGURE  22.  EFFECT  OF  THE  NUMBER  OF  SUSPENSION  UNES  ON  THE  MEASURED 
STATIC  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD  SHOWING 
ELEVATED  LOCAL  STATIC  PRESSURES  AHEAD  OF  THE  CANOPY  SKIRT 
HEM.  TEST  VELOCITY  200  MPH. 
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RUN  PARACHUTE  NO. 

NO.  NO.  LINES 


CANOPY  CLOTH 


PERMEABILITY 

(CFM/FT2) 


X  5  2  16  MIL-C-7020.  TYPE  I  90 


A  6  3  16  MIL-C-7020,  TYPE  I  90 

0  7  4  16  MIL-C-7020,  TYPE  I  90 

O  15  STRUT  AND  FIXTURE  TARE  RUN  WITH  SHORT  STADIA  ROD 


DISTANCE  ALONG  STADIA  ROD  (INCHES) 


FIGURE  23.  EFFECTS  OF  VARYING  THE  INNER  SUSPENSION  LINE  LENGTHS  ON  THE 
MEASURED  STATIC  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD 
SHOWING  ELEVATED  LOCAL  STATIC  PRESSURES  AHEAD  OF  THE  CANOPY 
SKIRT  HEM.  TEST  VELOCITY  200  MPH. 
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FIGURE  24.  EFFECT  OF  THE  NUMBER  OF  SUSPENSION  LINES  ON  THE  MEASURED 
STATIC  PRESSURE  DISTRIBUTION  ALONG  THE  STADIA  ROD  SHOWING 
ELEVATED  LOCAL  STATIC  PRESSURES  AHEAD  OF  THE  CANOPY  SKIRT 
HEM,  TEST  VELOCITY  200  MPH. 


PARACHUTE 

NO. 


NO. 

LINES 


CANOPY  CLOTH 


PERMEABILITY 

ICFM/FT2) 


5  24  MIL-C-7020.  TYPE  I  90 

6  24  MIL-C-7020.  TYPE  I  90 

7  24  MIL-C-7020,  TYPE  I  90 

STRUT  AND  FIXTURE  TARE  RUN  WITH  SHORT  STADIA  ROD 
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2 
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90 
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11 

8 
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FIGURE  25.  EFFECT  OF  CLOTH  PERMEABILITY  ON  THE  MEASURED  STATIC  PRESSURE 
DISTRIBUTION  ALONG  THE  STADIA  ROD  SHOWING  ELEVATED  LOCAL 
STATIC  PRESSURES  AHEAD  OF  THE  CANOPY  SKIRT  HEM.  TEST  VELOCITY 
200  MPH. 


37 


NSWC  TR  89-306 


Figure  25  presents  the  effects  of  canopy  cloth  rate  of 
airflow  on  the  pressure  distribution  of  41.7  percent  scale  model 
of  the  Parachute  MK  38  MOD  0.  Runs  11  and  12  which  had  suspension 
line  lengths  of  40  inches  and  50  inches,  respectively,  indicated 
essentially  identical  pressure  variations.  The  three  momme  silk 
model  of  run  13  was  included  to  evaluate  canopy  cloth  permeability 
on  canopy  full  inflation.  The  silk  model  of  the  MK  38  parachute 
inflated  to  75  percent  of  the  design  drag  area  at  the  test 
velocity  of  200  mph.  The  wind  tunnel  onset  of  inflation 
instability  is  somewhere  between  the  325  CFM/FT'^  production  MILsC- 
17208,  Type  1,  Class  B  cloth  rate  of  airflow  and  the  428  CFM/FT'^ 
silk  cloth  rate  of  airflow,  see  Figures  18,  19,  and  20.  The 
greater  rate  of  airflow  of  the  silk  cloth  used  in  run  13  of  Figure 
25  has  reduced  the  internal  canopy  pressure  to  a  degree  that  full 
inflation  of  the  parachute  cannot  be  maintained.  It  is  consistent 
that  the  lower  cloth  rate  of  airflow  of  run  5  results  in  a  slight 
increase  in  the  pressure  distribution.  The  effects  of  canopy  rate 
of  airflow  on  the  Parachute  MK  38  MOD  0  drag  coefficient  are  shown 
in  Figure  26. 
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MEASURED  RANGE  OF  MIL-C-17208,  TYPE  I, 
CLASS  B  RATE  OF  AIRFLOW 


NSWCTR  89-306 


D 

1 
O 
< 
cc 

2 

e 

S  <0 

□  o 

S2S 

lU  * 

Q  S 


(fl 
tu 
H  2 
O  li 


00  H 

m  o 

^  o 

^  2  cc 

^  O  m 


oc 


O 

2 


W 

D 

X 


o  cC  Si 


CO  3 
UJ 

ill 

2  S  u- 


■  # 


o 

o 

in 


z 


o 

u 

o 

Q 


z 

o 

§ 

o 

u. 

oc 

< 


< 

oc 

X 

I- 

o 

-J 

UJ 

X 

I- 

z 

O 


«e 

r* 

Ul 

OC 

3 

O 


\ 


\ 


(°0) 

iN3IOIdd300  30VUa 


39/40 


/ 


i 


OF  THE  MK  38  MOD  0  PARACHUTE 


NSWC  TR  89-306 


CONCLUSIONS 


1.  Conventional  round  parachutes  have  a  uniform  steady  state 
suspension  line  force  distribution  in  the  several  equal  length 
suspension  lines  because  all  lines  elongate  equally  under  load. 

2.  Equal  length  suspension  lines  attached  to  an  arm  of  a  Cross 
parachute  elongate  nonuniformly  in  steady  state.  This  indicates  a 
nonuniform  force  distribution  in  the  lines  with  the  maximum  force 
occurring  in  the  longest  line(s). 

3.  The  suspension  line  forces  can  be  reduced  by  progressively 
lengthening  the  several  lines.  The  longer  lines  modify  the  force 
distribution  in  the  suspension  line  system. 

4.  The  optimum  way  to  make  the  suspension  line  force  distribution 
uniform  is  to  adjust  the  spacing  of  the  suspension  lines  on  the 
canopy.  This  approach  will  permit  use  of  a  single  strength  and 
length  of  suspension  line  and  minimize  inspection  during 
manufacture. 

5.  Measurements  of  the  axial  steady  state  static  pressure 
distribution  adjacent  to  the  parachute  center  line  indicate  that 
the  associated  air  mass  of  the  inflated  parachute  extends  ahead  of 
the  canopy  skirt  hem. 

6.  As  the  canopy  cloth  permeability  is  increased  the  pressure 
-distribution  is  similar  in  form  but  the  magnitude  is  reduced. 

This  also  applies  to  partially  inflated  canopies. 

7.  Excessive  canopy  cloth  rate  of  airflow  results  in  incomplete 
canopy  inflation. 


41/42 


NSWC  TR  89-306 


REFERENCES 


1.  NSWC  TR  86-142,  Notes  on  a  Generic  Parachute  Opening  Force 
Analysis,  1  March  IQFS 


2.  NOLTR  69-159,  A  New  Approach  to  the  Determination  of  the 
Steady-State  Inflated  Shape  and  Included  Volume  of  Several 
Parachute  Types,  11  September  1969 


3.  NOLTR  70-178,  A  New  Approach  to  the  Determination  of  the 
Steady-State  Inflated  Shape  and  Included  Volume  of  Several 
Parachute  Types  in  24-qore  and  30  gore  configurations,  3  September 


1970 


43/44 


NSWC  TR  89-306 


DISTRIBUTION 


OnDics 


Copies 


4  ATrN  CODR  2027  2 

LIBRARY 

2  CODR  2029  (ON RL)  2 

DIRRCTOR 

NAVAL RRSRARCll  LABORATORY 
WASHINGTON  DC  20375 

ATTN  LIBRARY  2 


A'lTN  LIBRARY 
AIR931II 

(RTRRRY  THOMASSON) 
TRCIINOLOGY  MANAGRR 
CRRWSrATION&  LIRR 
SUPBORTSYSTRMS 
(Jl'ffl  RM  424) 
COMMANDRR 

NAVAL  AIR  SYS'I'RMS  COMM  AN  I) 
DRBARTMRNTOFTIIRNAVY 
WASHINGTON  DC  20361 


ATTN  LIBRARY  4 

COMMANDRR 

NAVAL  Sh;A  SYSTRMS  COM M  A N I) 
WASHINGTON  DC  20362 

A'lTN  LIBRARY  2 

NAVAL  I'RRSONNRL  RRSRARCll 
AND  DRVRI.OBMRNT CRNTRR 
WASHINGTON  DC  20007 

A'lTN  LIBRARY  4 

ORRICR  OR  NAVAL  RRSRARCll 
WASHINGTON  DC  20360 

A'lTN  RLL'ID  DYNAMICS  BRANCH  2 

STRUCTU  RA  L  M  l-;C 1 1 A N I CS 
BRANCH  2 

ORRICR  OR  NAVAL  RRSRARCll 
SOON  QUINCY  ST 
ARLINGTON  VA  22217 

A'lTN  LIBRARY  3 

CIlRlSrORHRRO’DONNRLL 
(CODR  5920L  6 

COMMANDRR 
INDIAN  HRAI)  DIVISION 


NAVALSURRACR  WARRARR  CRNTRR 
INDIAN  HRAI)  Ml)  20640-5000 


US NAVAL ACADRMY 
ANNAPOLIS  Ml)  21402 

A'lTN  LIBRARY  (CODR  0384)  2 

SUPRRINTRNDRNT 
U  S  NAVAL  POSTGRADUATR  SCHOOL 
MONTRRRY  CA  93940 

A'lTN  LIBRARY  2 

DR  NORMAN  WARNRR  1 

DR  DONALD  MCRRLRAN  1 

KRNNRTHGRRRNR  1 

WILLIAM  BSHOPR  I 

DAVID  N  DRSIMONR  1 

LOUISA  DAULRRIO  1 

THOMASJPOPP  I 

MARIA  CHURA  1 

COMMANDING  ORRICRR 
NAVAL  AIR  WARRARR  CRNTRR 
AIRCRAFT  DIVISION  WARMINSTRR 
WARMLNSTRR  PA  18974-2189 

A'lTN  LIBRARY  2 

MARK  T  LI'ITLR  I 

COMMANDRR 
CRANK  DIVISION 

NAVALSURRACR  WARRARR  CRNTRR 
CRANK  IN  47522  5000 


(1) 


NSWC  TR  89-306 


niSTHIHUTION  (Cont.) 


ATTN  I.IHKAKY  2 

KKICSMI’I’II  1 

COMMANDKK 

N  A  VAI.  AlU  WAUKAKK  CKNTKK 
WEAPONS  DIVISION 
CHINA  I.AKKCA  93f>55  6(101 

ATTN  I.II5UAUY  I 

COMMANDKU 
CAUDHKOCK  DIVISION 
NAVAI.SUUFACK  WAKPAUF  CFN'I'KU 
IIKTIIKSDA  Ml)  20084  5000 

A'lTNTKClINICAl.I.IIlKAliY 

(CODKN0322)  2 

COM MAN DPR 

NAVAI.  AIR  WARPARF  CFN'I  FR 
WFAPONS  DIVISION- 
POINT  MUCJU  CA  93042  5000 

ATTN  l.l DRARY  2 

DIRFCTOR 

M  A  R I N  I-:  CO  R  PS  1)  i;  \’  i;  I .()  P  M  i;  N  I'  A  N I ) 
FDUCATION  COMMAND 
DFVFFOPMFN'TCFNTFR 
gUANTICOVA  22134 

MARINF  CORPS  LIAISON  OPPICFR 
U  S  ARMY  NATICK  I.ADORA'rORIFS 
1  NATICK  MA  01760  2 

ATTN  TFCIINICAL  DOCUMFNT 
I  CFNTFR  2 

’•COMMANDING  GFNFRAL 
U  S  ARMY  MODII.ITY  FQUIPMFN  T 
\  RFSFARCII  AND  DFVFLOPMFN'I' 
CFNTFR 

TDFLVOIRVA  22660 

Attn  TFCIINICAL  I.IDRARY  2 

I  STANLFY  DKAIIN  1 

COM  M  A  N  D I N G  G F N  F RA I , 

USA  RM  Y  M  U  N ITIONS  COM  MAN!) 

DOVFR  NM  07801 


ATTN  TFCIINICAL  I.IDRARY  2 

COMMANDING  GFNFRAL 
U  SARMY  WFAPONSCOMMAND 
RFSFARCII  AND  DFVFLOPMFNT 
DIRFCTORATF 
ROCK  ISLAND  IL  61201 

ATTN  I.IDRARY  2 

WALTKOFNIG, 

SMCARAFTA  1 

ROYWKLINF, 

SMCARAFTA  I 

COMMANDING  GFNFRAL 
US  ARMY  ARDFC 
DOVFR  NJ  07801 

A'lTN  TFCIINICAL  I.IDRARY,  2 

DLDG3I3 

ARMING  RFSFARCII  AND 

DFVFLOPMFNT  LADORATORIFS” 
ADFRDFFN  PROVING  GROUND 
ADFRDFFN  Ml)  21005 

A’lTN  I.IDRARY  2 

COM  M  A  N  1)1  NG  G  i:  N  i:  R  A  L 
FDGEWOOD  ARSENAL  II FADQUARTFRS 
AERO  RESEARCH  GROUP 
ADERDEEN  PROVING  GROUND 
ADERDFEN  Ml)  21005 

ATTN  TECHNICAL  I.IDRARY  2 

COMMANDING  GFNFRAL 
HARRY  DIAMOND  LADORA  TORIFS 
2800  POWDER  MILL  ROAD 
ADFI.PHI  Ml)  20783 

ATTN  TFCI I N  1C  A 1.  LI  DR  A  RY  2 

U  SARMY  BALLISTIC  RESEARCH 
LABORATORIES 
ABERDEEN  PROVING  GROUND 
ADERDEEN  Ml)  21005 


NSWC  TR  89-306 


l)lSTKIHUTION(Cont.> 


Cdpios 


Cupies 


A'lTNTKClINlCAMJHUAkY  2 

C O M  M  A i\  I) I N G  G I ■: N !•; I { A 1 , 

U  S  AUMY  I'OKMIGN  SCIKNCK  AM) 
TKCIINOI.OGYCKNTKK 
220SKVI':NT1I  S'I’RKKTN’l': 

i'i:i)i;kai.|{uii.1)ing 

CllAUl.OTTkSVlI.I.li  VA  22312 

A'lTN  l.IHRARY  2 

COMMANDING  GKNKKAl, 
i;  S  A  KM  Y  M  A'l'KKI  K  L  COM  M  A  N 1) 
WASHINGTON  DC  20315 

ATTN  MHKAKY  2 

COMMANDINGGKNDKAI, 

U  S  AKMY  Ti:ST  AND  KVAI, CATION 
COMMAND 

AIIKKDKKN  I'KOVING  GKOUND 
AHKKDKKN  MD  21005 

ATTN  I.IIJKAKY  2 

C(  )M  M  A  N  D I N  G  G  !•;  N  K  K  A I  - 
i:  S  AKMY  COMBAT  DKVKl.Ol'MKNTS 
COMMAND 
l-'THKCVOIK  VA  22000 

A'lTN  TKClINICAI.  MBKAKY  2 

C(  )M  M  A  N 1)  I N  G  G  i  :  N  i  :  K A  C 
U  S  AKMY  COMBAT  DKVKI.Ol’MHNTS 
COMMAND 

CAKI.ISI.K  BAKKACKS.  I'A  17013 

A'lTN  TKCIIMCAI,  I.IBKAKY  2 

CO  M  M  A  N  1)1  N  (]  G  !•:  N  !•:  K  A I  - 
U  S  AKMY  MATliKIKI,  LABOKA'l’OKlKS 
KOKT  KUSTIS  V  A  2360.1 

A'lTN  SYSTKMS  AND  l■:(iUII'Ml•:NT 

DIVISION  2 

U  S  AKMY  AIK  MOBII.ITY  K&l) 
LABOKATOKY 
KUSriSDlKKCTOKATD 
l-'OKTHUSTISVA  23004 


PKKSIDKNT 

LI  S  AKMY  AIKBOKNK  COMMUNICATIONS 
ANDKI.KC'l'KONICBOAKl) 
l-’OKT  BKAGG  NC  28307  2 

ATTN MBKAKY  2 

COMMANDING  GKNKKAl. 
liSMISSII.K  COMMAND 
KKDSTONK  SCIKNTIKIC  INKOKM ATION 
CHNTKK 

ki;dstoni-:  aksknai,  ai,  35809 

A'lTN  MBKAKY  2 

JAMKSK  SADKK  1 

PKTKK  MASKS  I 

CAIA'INKl.KS  I 

M.P.GIONFKI  1)1)0  I 

JOSKIMIGAHDSM.A  1 

TIMOTHY  S.  DOWMNG  1 

JOlINCAM.IGHKOS  1 

CAKI.CAI.MANNO  I 

DKDNA-UAS  1 

COMMANDKK 

U  S  AKMY  NATICK  K&l)  CABS 

kansisstki;k'I’ 

NATICK  MA  017G0-50I7 

A'lTN  MBKAKY  2 

COMMANDKK 

U  S  AKMY  AVIATION  SYS'I’KMS 
COMMAND 
STI.OUISMO  63166 

ATTN  MBKAKY  1 

OKKICK  OKTHK  ClllKK  OK  KKSKAKCH 
AND  DKVKLOPMKNT 
DKPAKTMKNT  OK Tl I K  AKMY 
WASHINGTON  DC  20315 

A'lTN  MBKAKY  1 

U  S  AKMY  ADVANCKD  MATKKIKL 
CONCKITSAGKNCY 
DKPAKT M K NT  01-'  TI 1 K  AKMY 
WASHINGTON  DC  20315 


NSWCTR  89-306 


DISTKIBUTION  (Cont.) 


CiipioH 


A'lTN  MHKAKY  2 

niUKCTOlt 

US  ARMY  MOBILITY  R&l) 

AMKS  RKSRAUCII  CKNTLR 
MOI'l'K'lTI'IKLDCA  94035 

ATTN  LIBRARY  2 

NORMAN BRUNHAU  2 

COMMANDANT 
QIJARTLRMASTHR  SCHOOL 
AIRBORNL  DLI'ARTMHNT 
I  'ORTLi;!:  VA  23801 

A'n’N  RLSIOARCII/GLNKRAL  MATKRIAL 
RKl'RLSLNTATIVL  2 

US  ARMY  STANDARDIZATION 
GROUP  UK 
BOX  ()5 
KPO  NY  09510 

A  ITN  LIBRARY  2 

COMMANDING  OI'I’ICLR 
MCCALLAN  Al’B 
SA  ALC./MMIR 
MCCALLAN  AKBCA  95652 

A'lTN  WILLIAM  CASKY  ASD/LNLCA  I 

WILLIAM  PINNKLAFWAUI’IKR  1 

ROBKRTIIKSTLRSJR 
ASD/YYi:i':  I 

KSCIIUL'I'ZAI'WAUI’IKR  1 

DANIRLJ  KOLRGA 
BLDG25  ARKA  B  1 

II  ICNGKLASD/KNKCA  1 

A  KIDIDISASD/KNRCA  1 

C(  )M  M  A  N  DI NG  OI  'I  'ICKR 
WRIGI I'r-PA'n’KRSON  AFB 
OH  45433 

A'lTN  LIBRARY  2 

COMMANDING  OFFICFR 
AIR  FORCF  SPACF  DIVISION 
P  {)  BOX  92960 

WORLDWAY  POS'l’ALCFNTKR 
LOSANGFLFSCA  90009 


Copies 


A'l'I’N  LIBRARY  2 

COMMANDING  OFFICFR 
AIR  FORCF  AFROPHYSICS 
LABORA'rORY 
HANSCOM  FIFLDMA 

A'lTN  SA  ALC/.M MIR  2 

LIBRARY  2 

COMMANDING  OFFICFR 
KFLLY  AFBTX  78241 

ATTN  LIBRARY/DOCUMFNTS  2 

ARNOLD  FNGINFFRING 

DFVFLOPMFNTCFNTFR(AROINC) 
ARNOLD  AIR  FORCF  STATION 
'I’N  37389 

A'lTN  LIBRARY  MAIL  STOP  60-3  2 

NASA  LFWISRFSFARCH  CFNTFR 
21000  BROOKPARK  ROAD 
CLFVFLANDOH  44135 

A'l'  I’N  LIBRARY  CODF  IS-CAS-42B  2 

NASA  .lOIlN  F  KFNNFDY  SPACF 
CFNTFR 

KFNNFDY  SPACF  CFNTFR  FL  32899 

A'lTN  LIBRARY  CODF  BM6 
NASA  MANNFDSPACFCRAFT 
CFNTFR 

2101  WFBSTFRSFABROOK  ROAD 
HOUS'rONTX  77058 

A'lTN  LIBRARY  2 

GARY  W  JOHNSON 
MAILCOI)FIT2l  I 

NASA  MARSHALL  SPACF  FLIGHT 
CFN'I’FR 

HUNTSVILLFAL  25812 


(4) 


NSWC  TR  89-306 


I)lSTHinU'nON(Cont.) 


Copies  Copies 


2  A'rrNI.IHItAUYMAll- 111-113  2 

I  JUTPKOPULSION  LABORATORY 

1  4800  OAK  GROVE  DRlVli 

1  l‘ASEl'ENACA91103 

I 

I  A’lTN  LIBRARY  2 

MAX  ENGERT  CODE  EA  2 

JOE  GAMBLE 

MAIL  CODE  1A143  2 

KIRBY  HINSON 

MA1LCODKET13  2 


A'lTN  LIBRARY 

MENDLESILBERT 
EARL B JACKSON 
DAVE  MOLTEDO 
ANELELORES 
1‘llILEBERSI‘EAK 
NASA  GODDARD  SPACE  ELIC.I  IT 
CENTER 

WALLOPS  ISLAND  FLIGHT 
FACILITY 

WALLOPS  ISLAND  VA  23337 

A'lTN  LIBRARY  2 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
HEADQUARTERS  M'l'G 
400  MARYLAND  AVENUE  SW 
WASHING'I'ON  DC  20546 

A'lTN  RESEARCH  PROGRAM 
RECORDING  UNIT 
MAIL  S'l'OP  122  1 

RAYMOND  LZAVASKY 
MAIL  S'l’OP  177  I 

ANDREWS  WRIGHT  JR 
MAIL  S'l’OP  401  8 

GEORGE  M  WARR  1 

NASA  LANGLEY  RESEARCH 
CENTER 

LANGLEY  STA'I’ION 
HAMPTON  VA  23365 

A'lTN  LIBRARY  STOP  203  3  2 

JIM  ROSS  1 

NASA  AMES  RESEARCH  CENTER 
MOFFE'IT  FIELD CA  94035 

A'lTN  LIBRARY  2 

NASA  FLIGHT  RESEARCH  CENTER 
PO  BOX  273 
EDWARDS  CA  93523 

A'lTN  LIBRARY  2 

NASA  GODDARD  SPACE  FLIGHT 
CEN'l’ER 

GREENBELT  Ml) ‘20771 


NASA JOHNSON  SPACE  CENTER 
HOUSTON  TX  77058 

A'lTN  TECHNICAL  LIBRARY  2 

DEFENSE  ADVANCED  RESEARCH 
PROJECT’S  AGENCY 
1400  WILSON  BOULEVARD 
ARLING'I'ON  VA  22209 

A'lTN  LIBRARY  (TECHNICAl.)  2 

DlREC'l’OR 

DEFENSE  RESEARCH  AND 
ENGINEERING 
'I’l IE  PENTAGON 
WASHING'I’ON  DC  20301 

DIREC'rOROF  DEFENSE  RESEARCH 
AND  ENGINEERING 
DEPARTMENT  OF  DEFENSE 
WASHING'I’ON  DC  20315  2 

DEFENSE 'I’ECHNICAL  INFORMATION 
CENTER 

CAMERON  STATION 

ALEXANDRIA  VA  22314  12 

A'lTN  GUT  AND  EXCHANGE 

DIVISION  4 

LIBRARY  OF  CONGRESS 
WASHINGTON  DC  20540 

A'H’N  DR  W  L  GARRARD  2 

UNIVERSITY  OF  MINNESOTA 
DEPARTMENT  OF  AEROSPACE 
ENGINEERING 
MINNEAPOLIS  MN  55455 


ij) 


NSWC  TR  89-306 


DISTUIUUTION  (Coin.) 

Copius  Copies 


ATTN  TICCIINICAL  RCI'KOHNCK 

MHKARY  2 

CKNTKR  FOR  NAVAL  ANALYSES 
4401  FORI)  ROAD 
ALKXANDRIA  VA  32303  0268 

ATTN  CODK  1632  2 

LIMRARY  2 

DRDFAN  WOLF  1 

DRCARI.FKTFRSON  10 

RKURTIIACA  1 

IRA  T  MOLT  1 

DONALD  W  JOHNSON  1 

JAMFSW  IHJRVIS  1 

HAROLD  FWIDDOWS  1 

JAMFSSTRICKI.AND  1 

DONMCIIRIDK  1 

J  MICHAFI.MACHA  1 

SANDIA  NATIONAL  LAHORATORILS 
ALIJUQUFRQUKNM  87185 

A'lTN  DOCUMFNT  LIDRARIAN  2 


AFFLIlil)  PHYSICS  LABORATORY 
TIIF  JOHNS  HOPKINS  UNIVFRSITY 
JOHNS  HOPKINS  ROAD 
LAURFLMD  20810 

A'H'N  LIBRARY  2 

NATIONAL  ACADFMY  OF  SCIKNCFS 
national  RFSHARCH  COUNCIL 
COMMITTFF  ON  UNDKRSHA 
WARFARF 

2101  CONSTl'rUTION  AVFNUF  NW 
WASHINGTON  DC  20418 

ATl'N  TFCHNICAL  RFFFRFNCF 

LIBRARY  2 

SANDIA  CORPORATION 
LIVLRMORF  LABORATORY 
P  O  Bv  ,X  969 
LIVERMORFCA  94550 

AITN  K  FRENCH  1 

LOCKHEED  MISSILES  &  SPACE  CO 
PO  BOX  504 
SUNNYVALE  CA  94086 


ATI'N  TECHNICAL  INFORMATION 

CENTER  2 

ROCKWELL  INTERNATIONAL 
CORPORATION 
SPACE  AND  INFORMATION 
SYSTEMS  DIVISION 
I22I4  S  LAKEWOOD  BOULEVARD 
DOWNEY  CA  90241 

A'lTN  LIBRARY  2 

PENNSYLVANIA  STATE  UNIVERSITY 
APPLIED  RESEARCH  LABORATORY 
P  O  BOX  30 

S'I’ATE  COLLEGE  PA  1 680 1 


A'lTN  R  A  RAUSCH  (MN43  3700)  1 

HONEYWELL  INC 
7225  NOR'riILAND  DRIVE 
BROOKLYN  PARK  MN  55428 

A'lTN  LIBRARY  2 

NATIONAL  BUREAU  OF  S'FANDARDS 
WASIHNG'I’ON  DC  20234 

INTERNAL  DISTRIBUTION 
U  (HD  SMITH)  1 

U06(JGOELLER)  1 

U13(W  PARSONS)  1 

UISCWPLUD'I’KE)  15 

UI3(DFISKE)  1 

U13(J  FMCNELIA)  1 

U13(J  MURPHY)  I 

U13(JCORRERLL)  1 

U  13(SM  HUN'l’ER)  1 

U13(RLPENSE)  1 

U 13  (ML  LAMA)  1 

U43  (J  ROSENBERG)  1 

E231  2 

E232  3 

E31  (GIDEP)  1 

C72W  1 


(6) 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMBNo.  0704  0183 


Owf  J«n  t^lt  votivs.'TiOf''  ii>tu<m4tioo  u  •vii(r4i«d  to  \  hour  p«r  rtipor^M.  in(lodin9  th«  time  for  rt« icwing  instructions,  scerchtn9  tAiSting  dete 

V.: itMj  «no  me<rti4<ntrvj  tn«  0414  n*«u«d  4PO  vomphrtm^  jnd  r «¥<«««  109  the  (oitection  of  informjtion  strsd  comments  rc94rdin9  this  burden  estimate  or  any  other 
>  f  tp.>  .«>rievtK>i«  of  >ot>irrr>jtion  «ni.iuOi0  9  suggestions  for  reduvmij  this  burden,  to  Washington  Headouarters  Services.  Directorate  for  Information  Operations  and 
fi«  jmtts.  .e^en^  Dovn  lii^netav  Suite  12i)4  Aitin^ton.  VA  2^*QJ  and  to  the  Office  of  Mana9ement  and  8ud9et,  Paperwork  Reduction  Project  (0704-0)88), 

rV  ivr  r  CK  2CS0I 


V  AGENCY  USE  ONLY  Ued.ec/dn*)  2.  REPORT  DATE  3. 

Dlcl-uiIic'I'  1989 

4.  TITLE  AND  SUBTITLE 

Fur(.c  lli^iriluiliuii  in  ilu-  Suspcnsiim  l.ints  ul’Cross  I’arachules 
6  AUTHOR(S) 

W  I>  l.udikc 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESSIES) 

N.i%al  Surl'an'  WarlarL-  Ci-nli-r 
I1191II  New  llanip>liirfAvt-tuiL‘ 

Si Ufi  Spriii,;,  M I)  2l)9i)3  5UlU) 

9  SPONSORING  MONITORING  AGENCY  NAME(S)  AND  AOORESSIES) 


3.  REPORT  TYPE  AND  OATES  COVERED 


S.  FUNDING  NUMBERS 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

NSWC  TR89  306 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


hv  supplementary  NOTES 


hZa  DISTRIBUTION  AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  Tor  I’ulilie  Uelea>o,  Di.slriliulion  is  Unliiniled 


11  ABSTRACTfMjjimumZOOwordsl 

The  force  di.slriliulion  in  the  se\  eral  suspension  lines  attached  loan  arm  of  a  Cross-type  parachute 
is  nonuniform  The  outer  suspension  lines  carry  the  minimum  force.  The  forces  increase  in  each 
suspension  line  as  the  line  ultaehmenl  approaches  the  center  of  the  arm  with  the  maximum  force  carried 
by  the  most  central  lines. 

This  rejxirt  describes  a  series  of  w  ind  tunnel  tests  to  measure  the  force  in  individual  selected 
suspension  lines  of  Cross  type  parachutes  with  8,  16,  and  24  suspension  lines.  The  test  results  show  that 
lengthening  the  inner  suspension  lines  tend  to  equalize  the  suspension  line  forces.  The  static  pressure 
distrihulion  adjacent  to  the  parachute  center  line  was  measured  for  each  parachute  model.  Positive 
pressures  were  found  to  exist  ahead  of  the  canopy  skirt  hem  as  well  as  inside  the  canopy.  The  magnitude 
of  the  pressures  is  influenced  by  the  canopy  cloth  permeability. 


14.  SUBJEa  TERMS 

Parachute  Technology  Suspension  Fine  I'orce  Distribution 
effect  ofSuspension  Line  Length  on  Lorce  Canopy  Internal  Center-Line 
Pressure  Distrihulion 


15.  NUMBER  OF  PAGES 
59 

16.  PRICE  CODE 


”  ll9i5!rfi^‘^**‘f'CATION  I  18.  SECURITY  classification  |  19.  SECURITY  CLASSIFICATION  120.  LIMITATION  OF 

OF  REPORT  I  OF  THIS  PAGE  I  OF  ABSTRACT  I  ABSTRAa 


CNCI.ASSILILD 


U.NCl.ASSILILD 


UNCLASSIFIKD 


Standard  form  298  (Rev. 

PitfUritMfO  by  ANSl)il(l  ii9  18 

m  102 


/ 


-V  ^  \ 


-13 


